An improved vertical diffusivity scheme is introduced into an ocean general circulation model to better reproduce the observed features of water property distribution inherent in the deep Pacific Ocean structure. The scheme incorporates (a) a horizontally uniform background profile, (b) a parameterization depending on the local static stability, and (c) a parameterization depending on the bottom topography. Weighting factors for these parameterizations are optimally estimated based on the Green's function method. The optimized values indicate an important role of both the intense vertical diffusivity near rough topography and the background vertical diffusivity. This is consistent with recent reports that indicate the presence of significant vertical mixing associated with finite-amplitude internal wave breaking along the bottom slope and its remote effect. The robust simulation with less artificial trend of water properties in the deep Pacific Ocean illustrates that our approach offers a better modeling analysis for the deep ocean variability.
グリーン関数法による太平洋深層の鉛直拡散の最適化
An improved simulation of the deep Pacific Ocean using optimally estimated vertical diffusivity based on the Green's function method In the coastal region under influence of freshwater inflow, the resulting strong horizontal density gradient sometimes causes tidal straining which strongly affects the mixing in the water column. We present here the results of field observations of current, hydrology and turbulence at two selected locations in the East China Sea where strong horizontal density gradient was found.
The hydrology structures of the whole water column at Stn. P01 and within the bottom 20 m at Stn. showed that the mixing near the seabed is locally shear-induced during most of the time except during the unstable stratification period when the magnitude of dissipation exceeded that expected from the law of the wall by an order of magnitude.
Although the additional buoyancy production added by strain-induced convection can be one of the candidates to explain this discrepancy, the buoyancy flux calculated by the balance method is shown to be too small to make up for the existing discrepancy between dissipation and shear production.
Another plausible candidate is the advection of turbulent kinetic energy (TKE) which should play an important role in the TKE budget during the period of convection. Okinawa Island is located in the subtropical region of Japan, hosting ecologically abundant coral reefs even though they lie at the northernmost extreme of the habitable region. The coral ecosystem in the west coast of the island is maintained by persistent intrusions of the Kuroshio warm water through eddy-induced lateral mixing (Kamidaira et al., 2016) , while the Ryukyu Under Current is a major source of warm water from the lower latitude on the east coast. The island is situated on a ridge of the Ryukyu Arc that separates the shallow East China Sea (ECS) and the deep Ryukyu Trench (RT) to the Pacific Ocean, preconditioning oceanic asymmetry between the both sides of the island.
In the present study, asymmetric oceanic responses around the island are investigated with a The harmonic analysis of the L3 model result highlights that semi-diurnal and diurnal tides propagate differently on the both sides of the island, yielding the asymmetric distributions in tidal amplitudes and phases. The tides are rather uniform with neither noticeable phase lags nor amplification on the RT side, whereas bidirectional propagation occurs on the ECS side originated from the northern-and southern-most tips of the island with prominent changes in amplitude near the shore. Similarly, the baroclinic energy flux demonstrates that the diurnal internal tides are not trapped topographically. Therefore the resultant clockwise circular propagation, which has been observed in several islands such as Izu Oshima and Sadogashima Islands where the local inertial period is shorter than the diurnal period, is interfered at the southernmost area off Okinawa
Island. In addition, these two tips are areas of generation of the most energetic eddy kinetic energy (EKE). In particular, the upstream southernmost area sheds eddies that affect the nearshore area around the island. Using the newly constructed target preparation procedure for the measurement of 236 U in small sizes of seawater samples, 5-10 times higher ion currents were achieved compared to the conventional method and 236 U was successfully determined on all levels of the water column. Also, measurement times could be significantly reduced, which seems promising for future applications of 236 U as oceanographic tracer, when large numbers of samples from vast ocean areas need to be analysed in a timely and cost-efficient way. 236 U/ 238 U isotopic ratios were highest (7.6×10 -10 to 1. Impacts of wave spreading and multidirectional waves on estimating Stokes drift 
2.Formulation of Stokes Drift on random waves
There is large interaction effect between currents and surface gravity waves in finite depth area such as in the coastal ocean. Wave-induced transport, a quantity known as Stokes Drift, on random waves is formulated to insert in the model. The Stokes Drift can be written as eq.1 (Kenyon et al., 1969) . The distribution function of frequency spectrum and directional spectrum is approximated as the two-dimensional Gaussian spectrum and expressed as eq.2.
3.Test calculation on simple topography
Two runs are carried out for simple topography to confirm the effect of Stokes Drift on random waves. One (referred to as Wave2d) uses the model in which wave-induced transport is provided by random waves and the other (referred to as Wave1d) uses a model in which it is provided by regular wave. The topography has a single slit on middle of itself ( fig.1 ). In comparison with Wave1d, in Wave2d Stokes Drift velocity on the large directional range is verified ( fig.2 ).
Verification of model precision
Three runs are performed by horizontal resolution 500m and 20 vertical layers for Tanabe Bay in Wakayama prefecture. The additional run is carried out using only the Ocean model, i.e. not considering the effect of wave-current interaction. According to the comparison in velocity between these three results and observation data in, a correlation is observed between Wave2d and observation data ( fig.3 ).
4.Conclusion
This study developed the Coupled Ocean-Wave Model to consider wave-current interaction on random wave. Wave2d simulation for Tanabe Bay was conducted and its output of velocity show qualitative correlation with observation data. This model can be adapted for accurate reproduction on a regional ocean scale, which can make it possible to project future climate on that scale.
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